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L.- FINAL RESEARCH POGRSS REPORT ON THE REVFPSIBLE, INACTIVATION ON IPON ENZYME
-- WITH AMINO ACID ANTAGONIST Br IMANS 0F ELrCTPOLXTIC PROCESS,- CONTRACT Nom-
- (00) - PROJECT NUMBER NR-122-0759 BY SABLRO KATSURA, RESEARCH ASSOCIATE, AND

WAPOW F. WALTON, PROJECT SUPERVISOR, DEPARTMENT OF CHEMISTRY,
U.IVERSITY CP COlORADO, MARCH 15, 1953.

'"The following report oovers the period from September I, 1952, to December 31,
1952.

CONFIRMATORY STUDIES ON THE ANODIC INACTIVATION OF CATALASE WITH THIOPREIZ

COMPOUNDS.

The hypothesis maintained in this laboratory that the Inactivated form of cata-

lase, through the process of 4,F.electrode cell in presence of thierwlalanine, must

have the prosthetio iron in reduced form has been further confirmed. Ferrie

chloride, substituted for catalase under the indentical procedure of electrolysis

is reduced to ferrous; the evidence of this is demonstrated by adding ortho-

phe .troliiu, which gives a characteristic red color with ferrous ions but not

with ferric. The subtituion for thierlalanine is also tried with aalogus com-

pounds, such as thiophene, acetylthophene, thiophenecarboxywic acids, and found

that each of these compounds is almost equally effective In inactivating catalase,

(Graph 1.)

REACTIVATION WITH COPPER ANODE AM COPPER SUlFATE

Catalase Inactivated through electrolysis in presence of a thlophene compound

is readily reactivated when the solution contaning the inactivated oatalase is

subjected again to electrolysis with the copper anode. The reactivation is also

possible when tho solution with inactivated catalase is treated with Copper sul-

fate, (Graph 1.) The results of the use of nickel sulfate as well as silver sul-

fate to restore the lost activity of catalase a"e ambiguous. These studies require

further investigation,
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1I -contr'ol (Fresh cata~as.)
2 - Catala. 4nmoctvated with thiais2aanin.
3 - Cat&Uas Imtivated vith thiophems.
4 - 0salass Inactivated ith ecstylthiophem.
5 - Otalase iaoivated with thiopheme carbmWaty acid,
6 -R~aotivation cC2 at oopperanode,
7 - Reactivation of 3, 4. and 5,, at oppes anode.

- Reactivation of 2, 39,4, and 5, with oopper sulftte.
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pH OPANZ ODOWRIM IN miwD3 C=IE C0ZROLNTE THROUGH

Nov the constant chanp in H ion concentration in the conventional 2-eleetrod
cell as the result of passing current through phosphate buff or caused a drastic
change in pH value of the solution has been alrea4 reported.

Graph 2 shows how the change in p1 within controlled range takes place both in
anode and cathode in A-.leotrode cll. The curve in this graph In measured 30
minutes after the current is passed. The curve however rains the eom even
after the 24th hour in continued electrolysis.

In this study, phosphate buffer, 51105 1, is used with the pH value of the
solution adjusted to 7 before the ourrent, 5 ma, is passed. In /voleotrodo cell
the current flows nterhangebly (see the detail dooription in repor . September
25, 1951.)

The automatic rseadjustment of the pH value both in anode and cathode br the
current takes about 30 minutes after the current is comenoed to flov. After
this re-adjustments the range of pH change is Umatially controlled. In
this case, the extent of pH chana Is 6.7 to 6.75 at anode, and 7.25 to 7.30
at cathode.

The namnum pa point, 6.75, at anode Is reached at the 60th second, I. e,
the end of the Interrupted period during of which the positive electrode Is
out of circuit. After this period Is over the positive electrode goes in
circuit for the next 60 seo nds to hang the pH value fren 6.75 to 6.70, the
minitma value, which is reached at the end of the 60th second just before the
current interruption.

Exatly the reverse reaction takes place at eathode, which Is separated with
the permeable cellophane casing in uhich the negative electrode is at rest whil
the opposite electrode In the next chamber is in circuit. The pH value in this
chamber is slightly basic and the controlled range of change Is 7.25 to 7.30.
The maxima point in the graph is reached at th4 end of the 60th second when
the negative electrode is in circuit. The change to the minima occurs at the
end of the i 60 seconds.

In either case, anode or cathode, the periodic cycle is observed in Mnmetrical
slne wae with the sUtabised z-ais, hich at anode is slightly acidic - the
optimu pH for catalaw. From this curve it is obvious that the point of Inflection
in both concave-upward and do.mwud must occur at the 30th second in each minute.
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STDItES On ECTfOL.VZED THIOFMEE O(]UPO U S TEPOUGE U-V ABSORNFZIO SPOTRA,
POXAROOPAPZC AML ,SIS9 AM MNCIET2O JAS4 Mf CF GATAL!TIO ACTIVIT! Cr

CATA U

2-electrode cells

The absorption bands of the fresh and electroyzsed thier2alaidze Is show
In gaph 3. The fresh thieIlalanins, not eleetrolysed, shows its peak at 235i,.c.
The peak is decidedly displaced after thlilaeamins Is electrolyzed. It is
difficult to tell just where the peak is situated in elctrolyed thiWeralanlM.
In this graph the peak is at 215m,t but the tra peak my be fowd bs"ond this
range. However it is believed that this curve with displaced peak is the ddizmed
form of thiezlalawzde. The electrolyzed thiesWllanFue Is redueible at the
droppin meom cathode (graph 4,) but the fresh tieWe2alanin Is not reducible.

The absorption bands of the fresh and electrolyzed thiophen, appearig very
nuch the sam as those bnds of thielalaine, are shown In grph 5. Lia
thlerqalanlm, thlophene does not reduce at the droppin meromt cathode, but
the electro2ped thiophene frm anode does reduce at the droppIn mer ouy cathode,
we graph 4.

4-electrde cell,

The absorption band of thierqlalanim from anode wwe It Is subjected to
electrolysis In presence of catalase still retains the peak at 235 WAt , although
the eorme Is greatly surpressed. Attempts have been nade to obtain the euni
with displaced peek as in the ase with 2-eletrodeell passing the crrent
as much as 75 coulombs. But the surpressed curve still retains the original
peak, (graph 6.)

The absorption in this case must have been disturbed with the presence of
catease. At this wavelength region catalase with the coneentration as low as
used in this experiment is not visible. Therefore, this surpressed curve must
be of a catalase-antagonist complex.

A polaographie aalysis of the thielalanine eleotrolysed in presence of
mtalase shove the reduction wave equally prominent as the th ieylalanWI n
electrolyzed ithout eatalase, (gaph 7.) The catalytic activity from this
solution Is Inhibited as shown in graph 1.



.6-

GUgTpX 3. i3-, I Or f e~Ifm

V,,W to pk at 2 3 5 iM4 1s 15m

TheO OiWvv* 14h " h tbi. 71g12&I 9 2.crt14

,U~25 .OU1A0 1 25

44

AA



-7-

'1

I??
a, *p

a,
3 a,r gill.

'J 'I

~C%~0'Iv~
I) .. .*

'I

'3 ~

'5 '5
4
'S

S ,

S.
% S

a,
~ a,

'F ~ 'Sb

a I
q. , 'S

.% .% (S
.~a

SW

~ 1% a *~

a.
0

4
F..

- -v-.--. 9
9

t3jehneg94,~pCgI j.* t ADP I d1~DAA P~



flie~ vih its ok st 230

f tbbmO otl

(AO

4A

KA TA UA 3'.0'



.9

Oral* 6. VUT absorptionl of Th1.tW1anis s2otro2rsed
ith oatalains.

The ouywith 4ti ts peak at 235 A s
fregi th1m3m~mn~ne, 07I

The a rpressed ourro Ist
tbime~a7his, icr5 M. e1.otrolymed
In presence of oata2ass.
From anode (ourrets 75 oouiumbo*)

Cone. oata3~se NZ 1*6Zi mg 7e /oc.

3:Af

I<4tJA -9 r



-10-

9~g'a
ft 

(0
4J
IC 

I')

t.ft 1 
'1v~q~

9w. ft 
glib% ' 
t

4

libel ~

'I, ~~%b

I,'7

~I ~%d ~
'~

Lv-,'a ~ & 

B.% 4..
* -.

a
4.,.

~4di'I

NW
*, ~? %ft V 

urn-

U %Nh

(%ll?:IP.6 
8 0

d~
4 ~ *4q 4 3

It

3* *lQt



TEMAT!V COWIC EZO ON TIM ANIIC nIUCTVATION ( CATAIAS DREULTIG IN HEDUTION
CI THE PROTHTIC IRON AS THF FSSUM CF THE OXDATION OF T]101AAIIS DMUIli T3

EIECTROIZSrS

The reaction klnetioo of e m syste In tiih esm&-substrate compounds
m be Involved have been widely atuied but the results have been alwys
doubtfiul In ser cases the enzm-substrate eoMonsde act oaa lytioal and
In other eases the enzym substrate can act as bitors of enymatie funotiom.

In our experiment what we speculate as catalase-antaoist omplz, aentieasd
in pap 5 In this report, does not cam usler the category of the ezyme-substrate
omplex. The amino acid antagonist used In this experiaent cannot be ealed a
substrate to catalase because the redluction of catalase irn which Immdiately
renlts in its Imetivation of oatalytie aetivit, eocors only when electrical
energy I used. In this case It Is very likely a coqplex, if It acwtally ees,
is formed with the produt of el-.etrolysis from catalase proper ad this Bwmeton
of coMplex Is not responsible for the nlhibition of catalytiA action of eatalase
the oocaeme of a similaa comple has been previously observed when allglycnis
or fI'ylalanzm is electrolyzed In presenes of catalase but the catalytic activity
of the latter rmAn unchanged.

A great =V details of ensyimti action have not been clarified, especially
this is true in the case of catalase. The chemical lInk In the proteins that
are responsible for the differentiation of the enzymatic activities cannot be
very wel applied to catalass; ferrihemoglobin forms catalytically inective
pere dde emples wh4l those of etalase show a tremendous activity.

When ostalase is added to thisaeylalne previously electrolyzed nothing Is
happened to eatalase. In presence of thietiwalanine It still shows a strong
activity. We speculate that the oidation that takes place in theZlo alanins
without catalase at the platinuL anode is a partial oxidation involvin with
the thlophens ring; ultraviolet absorption band Is noticeably smpresed, or
displaces completely its characteristic peak, and this product of the initial
oxdation Is reducible at the dropping mercur cathode.

Speculation of the Initial oxidation of thiezlanins:

IN "e li" ,.

% + o " .of + e.;.ou'

!I
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ean catalae Is trapped In a permeabl oe11opha w easing t anod, tb1.zVLm
almno pfooeed to the second stage at coxittion as the ferri atom ofa catale
redumes to ferrous Irons

- I, If

ON of

oddized oxidised

SCa~t #%.A 7: ~ 4 ~ -+ .ACMIJC

Calase thus s uJeoted to elecol s'is In presene of thlezw larAM IS
lost its caelyti ao tiv t. Fresh atalase is redudobls at th mercuv p
cathode bit the cstalas electrolye with thl, Vlalaa me does not show the
re&dtlon v . In polaroraA, (graph 2 - .amur 31, 1952 report.)
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OUT or IREURCS

Objectives
The reversible Inactivation of the catalytic action of atalase with thgWle .

alaninae, an antagonist of phearsalane, b, aen ot an electrolytic proaceas.

General$
During the eu.r of the studxy, it has been demonstrated In this laborat=z7

the reversible Inactivation of the cataltic action of catalas ean
oow in presence of thioWlaaaim rhen an electric emrsy Is umed, that (2)

this is the first time to dem nstrate the effect of an adno aeid antagonist on
another compound in vito, that (3) this is the first to demonstrate that one
foarm of Inet1vation of the catalytic action of catalase is caused by the reduction
of Its prosthetic iron, mmely feric to ferrous, and this demonstration offers
an cKperimental proof to this partiular problem which has been in discussion
whether or not the oxidation-reduction sstem of the prosthetic grous involves
with the catalytic ativity, and that (4) this is the first time a pH sensitive
orgaio cwom d, namely catalase, ihoh has been so few Impossible to withstand
against electric oumen, is subjected without destroying the enyme proper to
an electrolytic proccess by means of a specially devised 4-eletrode e o

The first report, September 25, 1951, desoribed th* devise of the 4-electrod.
cell. Ephasis has been laid on the fact that the Imetivation of cetalytic
activity of catalase results on2y when thiezrqalanine is added In this process.
No Inactivation has been observed in electrolysis when catalase alone is subjected.
No inactivation occurs when catalase is electrolysed in presence of phei3lalans.
Thus the research has established the first sep of the principle that the antagonilt
Interferes with the catalase sWstem whil the bee has no affinity with the
enne. The Interference results in reduction of the prosthetic iron of catlaseo

The seoond report, January 31, 1952, discussed the results of the catalase
Inactivation caused by amlogs compoumds to thieyelanim as we as sulfer
containing amin acids. This report also contained the results of the prelminear
polarographia analysis on a few compounds used as a reducing agent to catalase.
The third report, September 1, 1952, discussed a further study of the improved
technique of the 4-electrode cell which has shown ore pronounced result than
any of the formr techniques. This report contained the discussion on anodie
Inactivation of eatalase, experiments with platinised platinm plate, silver and
copper anodes, the current effioienc, and the product of thienylalanine during
the electrolysis.

Salio lateua
Researoh Associate.


